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FOREWORD 


This report presents the resules 
of a project imitiated by SP-7, the 
Welding R&D Fanel of the Ship 
Production Committee of the Society of 
Naval Architects and Marine Engineers. 
The project was financed through a ceet 
sharing contract between che U. 5, 
Maritime Administration and Ingalls 
Snipe ine Incorporated. The 
principal objective was to develop data 
on Fhe Lotigitudinal and transverse 
shear strength of flux cored are 
welding filler metals. Coneletently 
higher shear strength properties of 
flux core over solid wire and 
conventlonal electrodes would provide a 
basis for implementing smaller, more 
ceeet effective fillet weld requiremente 
in ship structures. 


Flux core filler setalea For high 
yield strengeh steels (for example, 
H¥-80 and HSLA 80) were qualified for 
primary holl etructures in the early 
"BO's, Some of the early work 
supported by the Mational Shiphuilding 
Research Program contrlbuted to the 
development and qualifieation of Flix 
core wire for shipbuilding. The cost 
savings have been signifieanc. Weld 
deposition rates of more than 30% 
increase over solid wire Metal Inert 
Gas welding have been realized, 

Sele ete in vertical and overhead 
welding. 


In addition greater use of flux 
core welding has reduced weld repaira 
coused by loss of shield pas due to air 
movement in open areas of the shipyard. 


A caduction of filler weld size 
would be yet another spin-off benefit 
of shipyard use of flux eored weld 
Wit. 


This project answers any of the 
questions which have been raised about 
root penetration and shear atrength of 
fillet welds. The data supports a 
Proposal to revise the WU. 5. Navy 


Si-1-1 


design document to poarmnit smaller 
Filler welds in satruccures welded with 
#teels below BO KSI yield but not ethe 
higher strength materials. 


When implemented, even the 1/16" 
reduction in weld sizes indicated by 
the project reasulte willl produce 
significant teductions in welding costs 
for both commercial and military ehip 
fabrication, 


THTRODUCTION AND OBJECTIVES 


In @ continuing effert te become 
more coset effective, OU. &. shipyards 
are inplementing a higher percentage of 
femlautomatia welding processes. 
Effective eg agen fabrication 
requires the use of effielent, 
economical welding methods while 
maintaining high levels of quantity. A 
large percentege of this welding tis 
performed out of position. The FCAW 
Process is one of the most efficient 
welding ponceeses for high deposition 
and quality in out of poaicion 
fabrication. 


FCAW is net a new development. 
Until recently, process cenatrainte due 
to electrode characteristics and 
weldability restricted the applicationa 
of FCAW for shipbuilding. However, 
during the past several veats, the 
filler material manufacturing industry 
has performed much research and 
development work that has resulted in 
flux cored electrodes with excellent 
strengeh and toughness which can be 
weldes in all positions. Improvement 
in the sion ee Process controls 
and raw material seleccion ensures 
consistent high quality which provide 
the necessary mechanical properties to 
expand FCAW applieariona to include & 
higher streggth stecls such as HY-80" 
and H&SLA-89", 


In ship design, shear strength is 
emphasized when determining fillet weld 
size requirements, The joint 
efficiency is based upon the load 
carrying capacicy of the wesker member 
and the shear strength of the filler 
mecal, The current design document, 
MIL-STD-1628, doee ner include the 
Fillet weld shear streneth values for 
FCAW electrodes, Presently, the 
comparable SHAW electrode values are 
used for design purposes. 


This project was undertaken 
because of the large amount of fillet 
welds in a typical ship design. It is 
common For 90% of the jolntsa te be 
fillet welds for atructural 
eannectionas,. This represents several 
miles of weld length for each ship. 


Lark Crog . WLLL 1[Tl=HY 
and HIL=1 il, wore evaluated in 
this S@rier of te ; 
chemistriee az 
These electrodes j 
tensilo strength values and hi 
superior penetration capabiltt i 
iW equivalents, 
{ and 
covered e¢leccrad 
nm MIiL=STO-1A? 
posathlie ef 
these characteristicer may | 
hear mechanics which may ras 
1e@F Eillet weld shear values. 
ect may be significant ensugph te 
Warrant feduction of required Fillet 
wold sizes in che design stage of ships 
with mo reduction in etruccural 
atrength (See Figure 1}. Primary 
hematite co be expected from reduction 
in fillet weld seize requirements are 
significant weight reductions and 
reduction in production ctoste in both 
munhours and materLals. 


BAFe no 


their fespective SF 
namoly the MIL-70 
HIL-10016-M1" 
eriteria 
confide 


shear epecimen preparation, 
testing, and evaluation are dealt with 
im d h in the succeeding text, All 
labo ory efforts were conducted in 
eCrlec gecordance with ANSI / AWS 
A4,0-85° in an attempt to produce 
repeatable data, 


Fipure 


FS Ppece | Wie 


Table | FUR Els Tooe Lhe Lak = 
MIL-71T1-n¥ HIL=101-To/TH 

ic o,12 o,1d0 

Ihr o,50- ‘3 O.50-1,590 

a4 o,90 0.60 

[Ph 0.030 0,070 

IS o.030 o,01? 

{te 0.50 30-3, 75 

[Cx oh. 20 o.20 

[Ho OO. 40 0,50 

\¥ 0.05 0.65 

Cu Od 6. 06 

Es ae ae 


LABPORATORY EFFORT 
Longitudinal and transverse shear 
specimens were prepared with 0.052" 
(1.3mm) diamerer FCAW electrodes, The 
flecttodes were provided by various 
manufacturers and tested with both a 
TSE argonf/252 CO, shielding gas mixture 
aid a shieiding af atralzht weldine 
grace CO,, Specimens were pregared 
from HY-80, HSLA-80, and AH-36° steels, 
Using identleal weld parameters 

(2355 amps, 25 volts, 15 ipm) and an 
automatic tracking ayetem, lab 
techniciane prepared 1/4" (6.4mm) 
gingle pasa Fillets and 7/8" (9.5mm) 
thres pass filleca. <A teral of 


» |USS WASP (LHD 14, Multipurpose Amphibious Ship 


LHC apecinen Wes Ellioned in a 


pa 
the 


tonslle® mat 12 Where load was 
applied parallel to the axis of the 
“i 


apecimen (See Figures and 31, 

| cde were kept documenting che 
makioos: force teeded to predice cach 
shear failure, actual shear Lengths, 
fillet sises, throat dimensions and 
estimated angle of shear, 


Longitudinal Shear 


Fipure 2. 


specimen 


After measuring Ehe Filler aizes, 
the thoorotical throat was coleulated 
md used ta determing the specimens 
im@ir stre 
H4.0-85 (See 


Fitura 4). 


To conclude all laboratory 
six longitudinal and six 
transverse soecimens were the subject 
- a metallographic analya#is, Shown 
phetucrapha (Figures 9 through 20) 
clearly teveal are penetrating 
characteristics and the angle af 
whieh failure ocewrred. 


cfd eto 
oT LCE Ce, 


shear 


ech aa apecified in ANST/ AWS 


RESULTS 
Resules af the longitudinal ond 
crans¥Verse shear tests are exhibited in 


Tha 
wite, 


Tables IL through VII. 
segregated into filler 
gases, and Eilllet weld alzes. 

Tables VIII and 1X Liet the averages 
For gach sat of values. 


Hata is 
shigld 


Transverse Shear specimen 


Figure a. 


Following che deatruccive teste, 
each specimen was examined and ita 
angle of shear estimated, The tables 
fonteain these estimations and Figures 5 
and 6 exhibit the observed 45" and 


73 


22.45" shear angles. 


Toa evaluece the weld panetration, 
B Macrographic analveis was conducted 
on select transverse and longitudinal 
specimens. Figures 7 and A are 
drawings showing the cross-sectional 
areas televant to the metallepraphy in 
Figures 9 Ehrough ct. 


The succeeding tables contain data 
noted and develeped during the 
Fabrication and deatructive evaluation 
of shear specimens. The following 1s a 
column by column explanation of the 
information imeluded in the tablor: 


1. Specimen number as desipnated 
during lab testing. 


, rae 7) 4 r an 
et WELLE BODE Eret eal WA Lie 


Fat Arpon/ 252 CO, mixed par 
sidjelding end 4 -attaight CO, 
ehielding. 


tae 
4 


Electrodes were evaluated 
From two different wite 
manuieaeturers , 


4. Targeted fillec size during 
Fabrication of shear 
specimens. 


5, dActiual measured fillec sizes, 
6. Calewleated throat ausuming a 


45° shear angle as required 
by ANSI/AWS 84, 0-85. 


7. Shear load in pounds per iff 
linear inch as determined by ioe 
tensile testing. 
B. Shear atrength in PSs] — 
aseuming a 45" shear angele as 5 Lead 
required by ABSI/SAWS (Total Liehgth ot Plies Weld Sheared 
4, 0-85, a © Theoetes Theoal Demensian 
8 Sheer Sirengis cf Weld 
9. Actual shear angle visually 
determined following Figure 4. Shear Strength Calculation 
arstructive testa, CABSL/AWS B-4.0-85 


Figure 5, Typical Longitudinal Shear Failure Angle 
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Table It. Longituding] Shear Data Rose Material--AH-36, Filler Mnterial--7iTI-H¥ 


Sree | surar SuEAR 
fel SIZE | STRENCTH ANGLE 


11.916 62,391 
17,436 7,260 
11,46 59,070 
11,571 65,373 
11,951 63,909 
17,018 67,896 
11,864 | 67,030 
12,137 | 68,3569 
18,476 69,721 
14,498 64,020 
14,407 74,389 
19,950 75,278 
17,517 66, 102 
18,718 72,587 
18,650 73,275 
17 664 74, S00 


pamrerF re we Pe ere eee et ee 


fable T11. Longitudinal Shear Data Base Metorial--HY-80, Filler Material--101TC/™ 


a - FILLET | 
SPECIMEN SIZE 


12.007 65,255 
10,953 | 
12,093 62,201 
13,065 TI ,HLS 
17,936 70,305 


14,443 | 75,480 


19,430 78,521 
19,240 75,272 
70,154 | 78,101 
19,577 74,720 
21,127 86,615 
20,226 80,585 
20,865 86,793 
20,294 77,447 


Table ITV. Lonpirudinal Shear Data Base Material--HSLA-69, Filler Haterfal-<-lLoiTO/7H 


SHEL | WIRE 
GAS MEG 


13,905 | TH,se0 
12,7370 BO, h27 
IL 332 7.525 
11,597 6S, 508 
14,160 ao,901 
14,808 24,689 
1 ,&22 67,178 
1 ,@aS 68,699 
bg 76,745 
Lo.993 | Th eas 
19,631 74,079 
19,371 77,182 
19 42] 74,258 
LB 77 46,937 
19,123 | 77,108 
19,641 77,025 


S93 FF Pe =F Dome &® eo 


Table V. Transverse Shear Data Hage Material--AjH=-16, Filler Material=-71T1-HY 


Tae 


A 20=25* 

A ) ition | ao-78" 

5 21,933) 94,295 | 20-29" 

rm U7,.750) 92,985 | 20-25" 

A T,211) 97,082 | 2-25" 

ry iF,i08 | 205,192 | po-35" 97,196 

8 ZL,750] Uiy,9e0 | 29-25" |] .: Lie arz 

h 22,3908 | Lia, 7a7 | 2o-75* 104,225 

aA 750) FRO | aes" “ 66.710 

A 28,088 | 113,807 | ts=20" 105 Loe 

E 30,000 | 106.082 | 15-305" OB ,099 

L] 26,6487 | 100,54 F-12" P2918 

A 25,9446 | 104,842 TeLz* 36,813 

A I7,692 |] 87,852 | 20-25" 90,007 

ry $6,305 | on0,535 | 10-15" Lo, 108 

4 TR,37H8 | UE0 898 | PO-15" | 102,819 

10. Calculated throat assuming a 12. Shear strength difference 
72.5" shear angle (transverse between assumed shear angles 
only). ef 45° and 22.57 (tranaverse 
only). 


ll. Shear strengeh in FSI 
ageuming a 22.5" shear angle 
(transverse only}, 


Sit-1 


PISCusSsTorR Cc. = &E 


3 i 
HIL-STO-1628 employs an array of 11a" kh, 
aificiency charts to determine fillet > 
weld slzes, Each chart if based on a BR, = Ultimate Tensile Strength of 
computation faeter, which is a function Weaker Member (pedi 
of the basa material strength and weld 
metal shear atrength. The computation BR, = Shaar Strengeh of Weld Metal (psi) 


Factor ie caleulated ualng the " 
following formula: 


Table VI. Transverse Shear Data Base HMaterial=--H¥-80, Filler Haterial--101TC/TH 


103,464 95,41] 
113,154 104,167 
a9, 198 | 82,583 
LO6 900 7 98,730 
107 038 99,100 
22,692 | 125,043 | 197,875 
21.530] 99,884 | 92,043 
22,676 | 112,539 | 2 } | 109,549 
V1 ,282 | 110,537 102,229 
40,650 | 109,750 101,490 
27,317 | 108,840 7 100,401 
43,514 | 120,008 110,978 
32,368 | 115,906 17,179 
40,000 | L068 ,o82 : 98,039 
28,158 | 99,558 92,120 
29,872 | 108,337 |: 99,906 


ACTUAL 
FILLET | FILLET | THEORET) SHEAR 
SIZE | stze | THROAT | LOAD 
16,73) | 102,002 
20,000 | 102,867 
18.519 ) 93587 
19,512 | 208,230 
9.351 | 99.52% 92, 148 
17,037 | 94,500 d 87,3459 
10,250 | 93,864 ; 86,905 
18,976 | DOL 275 94,941 
27,000) 93,145 25 55,987 
76,000 | 90,803 ) 84,871 
27,000 | 000,499 92,784 
78,654 | LOL, 358 i 93,739 
26,750) 98,275 | 9D, 786 
26,750 | 94,590 | 57,418 
i6, 154 97 402 |) B5,47L 
24,500 | 92,409 1 55,256 


SBopoerertrenewrpereteeremtrtrerte > 
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Table VIiT. ivergge Loogttudinal Shear 
Strength Valvea 


AHS 
(HIL=T1ITL=a¥) 


co, 
Th Arya CO. 
Average 


68,451 


HY-80 co, Te, Ta? 
{HTL-1O1TC/TH) | 75 Ar/25 CO, | 70,519 
diverage 74,378 


co, 
73 Arf25 CO, 
Average 


HSLA=80 
(HIL-lOLTC/ TH) 


Fa 34 
73,822 
74,108 


Table IX, Average Transverse Shear 
Strength Values 


106,956 
100,447 


73 Agr; 
25 CO, 


Average 


(MIL- 
| T1T1-H¥) 


103,701 


AHS h CO, 98,813 

(HTL- 75 Ar} 92,793 
T1LT1=H4¥) 25 CoO, 

Average | 95,404 

| HY-80 CO, 109.675 

(HIL= 75 Avs LO? 731 
101TC/ TH) 25 CO, 

Average | LOB,702 

HY¥=-40 co, 101,226 

(HIL- 75 Ars 99,548 
1LO1TC/ TH) 25 CO, 

Average | 100,387 

HSLA-60 co, 95,864 

(HIL= 75 arf 99.056 
LoiTc/TH 25 CO, 

Average| 97,461 

| HSLA-BO co, 86,699 

MIL= 75 Arf 91,555 
101TC/ TH) 25 CO, 


90,127 


Average 


HLL-STD-lbe0 epociflean = 
longitudinal shear atrengrh af $9 KSI 
(40? HPa} for MIL-TOKE caverod 
@leetrodes. The values for the 
HIL-7IT1=“HY electrodes, as shewn in 
Table VILI, average 62 ESI (474 KPa), 
Comparing the computation factors 
calculated with an BR, (High Tensile 
Steel) value of 75 EST (517 MPs}, the 
SHAW and FCAW values are .20 and .75 
respectively. Figurea 21 and 22 are 
WIL=-8TD=+1628 effieleney charts for 
these computation factors. <A definite 
reduction in fillet weld size can be 
apprgdiated with che implementation of 
the MIL-71T1-HY data, 


MIL*STD-1628 apecifies a 
longitudinal shear strength of 8? ESE 
(600 MPa) For the MIL-1l1018-M°" covered 
electrode gpd 83 KSI (572 HPa) for the 
MIL-1L005-1°° bare electrode, However , 
apoa Tesult of recenc shear testing” a 
potemtlal revisden fo MIL-STD-1678 is 
propoged to reduce the HIL-1]018-H 
covered electrode shear criteria te 
75 EST (345 HPa) and get the value for 
HIL=10018-Ml ac 72 EEL (496 HFa},. The 
values EFor che MIL-101-TC/TM electrodes 
af shown in Table VIIL averaged above 
74 KST (510 MPa providing strong 
support for a rewileten. 


Anothor topic of digeusaien that 
arose during laboratery work concerned 
observations of the shear fractures 
that followed each fest. A Vernier 
Caliper was used to measure the 
specimen's leg alzes and lengths, The 
lege of the fillet welds varied by more 
than 1/32" (1mm) on any one linear 
sagment, making Lt diffieult to measure 
with accuracy. Censequently, the 
throat dimensions used in the 
calculations of shear strength were in 
all cases based on the average measured 
length of ffllee lep sizes, 


Per ANST/AWS B4.0-85, shear 
atrength in pounds per square inches is 
determined by dividing the unit shear 
load in pounds per linear inch by the 
average Eheoretical throat dimensions 
of the sheared weld. To comply with 
chis epecifieation, a 45" shear failure 
ig assumed for both longitudinal and 
cranaverse orlentatigqes. All practical 
and theoretical dara‘ auppert a 45° 
aigle for longitudinal failures, 
However, evaluation of fallures from 
thie project and cheery from related 
studies confirm a 22.5" shear angle in 
transverse specimens. Assuming this to 
be valid, calculations with 2723.5* would 
decrease the actual shear strength 
eee for traneversely welded filleta 

¥ ' 


Figure 6, Typical Tranaverse Shear Failure Angle 


Figure 7. Typteal Cross-Section Used For Hacroetch of Longitudinal Fillet Weld Test 
fpecioen 


SH. 1-4 


Figure §. Typical Cross-Seccion Used Fer Macroetch of Traneverse Fillet Weld Test 
npec lmen 


In an investigation te determine a 
theoretical method of obtaining shear 
acrengyh in traneverse Filler welded 
joints”, a formula was derived to show 
Ehe strength Telationships between 
longitudinal and transverse fillec 
welds. The theory tndileated that che 
failure path would follow a 22.5" 
transverse shear angle. Many 
Hbhgervations correborated that theory. 
The formula stated that transverse 
shear strengths were S62 preater than 
the longitudinal. In comparison, data 
from this project produced transverse 
shear values 407 greater chan 
longitudinals in welds made with 
HIL=F7IT1L=HY electrode. A 282 greacer 
Strength wae produced with the 
MIL-LOL-TC/TH electrode, Slight 
differences in a fillet weld'sa adjacent 
leg Lengths would change the shear 
angle to anything but a perfect 22.5°. 
This and inaccuracies in weld 
hesasurements may accowne for the 
conflict between practical and 
theoretileal results, 


Figure 9, Longitudinal Shear Test 
Specimen 1A 
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Figure 10, Longitudinal Shear Teac Figure 12, Longitudinal Shear Test 
Specimen 1A Specimen 27 


Figure 11, Longitudinal Shear Test Figure 13. Longitudinal Shear Test 
Specimen FIA Specimen 344 
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igure 14, Longitudinal Shear Test Figure 16. Transverse Shear Test 
Specioen 454 Specimen 155 


Figure 15. Transverse Shear Test Figure 17. Transverse Shear Teet 
Specimen 1B fpectimen 21H 


5H-]-12 


Figure 18, Transverse Shear Teast 
Specimen 258 


Figure 19. Transverse Shear Teat 
specimen 350 


SH-[-13 


Figure 20. Transverse Shear Teac 
Specimen 456 


A gajor objective of this project 
wae to determine if che increased deprh 
of penetration produced by FCAW would 
have a beneficial effect on a weld's 
shear atrength. Evaluation of shear 
failures and macro etches (Figures 9 
through 270) of bath Longitudinal and 
transverse specimens did mot provide 
strong evidence Eo support this theory, 
The metallography shows that the 
welding Parameters used throughout the 
project do noe produce a sipnificane 
amount of increased penetration in 
compariaon to a similar SMAW deposit, 
As a result, this data cannot support a 
definitive answer to the question of 
depth of penetration and ite affect on 
shear strength, 


CORCLUS TORS 


The shear ecrength of Fillet welda 
Produced by KIL-f1T1I-HY is 1572 higher 
than the comparable HIL=-70KK SHAW 
electrode, ith the implementation of 
ehis data, efficleney tables from 
HIL-1628 with lower computation factors 
may be used, thus reducing fillet weld 
Slzres. 


_ " ‘I | 
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Figure 21, Efficleney Chare For 
Computation Faecter 0.75 
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Figure 22, Effieleney Chart For 
Computation Facter 0,90 


Ag a result of tecent shear 
testing, ao potential rovileion co 
BIL=-STO=1628 may eet the longitudinal 
shear value for HIL-1O0O18M1 at 72 ESL 
(496 MPa) and decrease the HIL-1I1016H 
covered electrode eriteria to 79 EST 
(545 MPa), The FCAW olectrode, 
HIL-101-TC/TM eveluated in chia study, 
produce 74 KST (51d MPa}, thus 
supporting the accuracy of thease 
Proposed revislona, 


Ube LiLlek woelen teste! on this 
Project and related shear etunius 
SUPPOrL 4 transyerse shear Tullure 
angle of 22.5". Empirien! observationa 
of this angle indicate «a noed for 
change in the analytical method set for 
ch in ARSL/ AWS Pl 0-85 of caleulating 
Eraneverse shear strengths, A 


Evaluating shear failures and 
macro etehes ef both longitudinal and 
CTaneverse apecimens produce ne 
evidence thet penetration was 
responsible for increased shaar 
atrength. The wolding parameters used 
throughout the project did ser produce 
a significant amount of increased 
penetration in compariaon to @ eimilar 
SHAW deposit. As a result, the deta 
Presented does not purport to answer 
the ouestion of penetration and its 
affect on ahear etrtength., 


PECOMMERDATIONS 


The UO. &. Wea should soneider 
revising Table II of HIL«STB-1628 to 
imelude the rogulte of the MIL-TITI-Y 
and MEL=101LTC/TH shenr testing aa 
follows: 


MINTO AVER? GE 
DLV THATE LORG., 
FILLER TENS TLE SHEAT. 
HETAL STEENGTE STRENCTH 
TYPE (Ms) (EST) 
MIL-71T1-a¥ 7G EE 
MIL-101TC/TH 100 m4 


DOURLE FILLET WELD AVERAGE SHEAR 
STRENGTH PER LINEAR INCH 
OF CONTINUOUS WELO ¢KLT} 


FILLET WELD ST2E (THcH) 
1/8 3/16 1/4 5/16 3/8 7T/h16 l/k 9/16 5/6 


WZ 18 24 30 36 42 «48 54 60 
ij 20 26 33 399 M7 89K 


Contracts invoking this 
specification will benefit from the 
lewer computation factears and 
potentially smaller fillet welds. 


The formula for determining fillet 
weld ehear atrength under Section 9 of 
ABST/ AWS B4,0=-85 (Stendard Fethods for 
Hechanical Teating of Weldu) assumes a 
45° theorecieal] throat dimension. 
Theoretical and Eronttoe test results 
from this and related projects suggests 
a 22.5° shear angle for transverse 
sheat Failures. In view of thia 
information the Amorican rasting 
Society should consider a revision and 
or clarification te chis specification. 
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